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Objectives: Although knee injury has been implicated as a risk factor for the development of knee
osteoarthritis (OA), there is great disparity in the magnitude of quantiﬁable risk. Our aim was to
systematically review the relationship between history of knee injuries and knee OA.
Methods: Six electronic databases were searched between August and October 2010. Relative risk esti-
mates or odds ratio (OR) and 95% conﬁdence intervals (95% CI) were extracted or calculated from
observational studies meeting the inclusion criteria. Publication bias was determined using funnel plot
and the Egger’s test. Heterogeneity was examined using Cochran Q test and I2 statistic. Random effects
model was used to pool the heterogeneous results and OR was used to present the results. Subgroup
analyses were performed to examine potential causes of heterogeneity.
Results: Twenty-four observational studies (20,997 subjects) were included in the meta-analysis of which
there were seven cohort, ﬁve cross-sectional and 12 case-control studies. The overall pooled OR was 4.20
(95% CI 3.11e5.66, I2 ¼ 81.0%). Association between history of knee injuries and knee OAwas signiﬁcantly
different for speciﬁed injuries such as ligament or tendon injuries; meniscus damage or meniscectomy;
and fracture of femur, knee or lower part of the leg (OR ¼ 5.95, 95% 4.57e7.75), compared to unspeciﬁed
injuries (OR ¼ 3.12, 95% 2.17e4.50).
Conclusion: History of knee injury is a major risk factor for the development of knee OA irrespective of
study design and deﬁnition of knee injury. As one of the few modiﬁable/preventable risk factors, knee
injury should be part of the future prevention programme in reducing the risk of knee OA.
 2011 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Knee osteoarthritis (OA) is a major public health problem and
amajor cause of pain anddisability in older people. The development
of kneeOAhasbeen attributed tomultiple risk factors including knee
injury. Prospective studies suggest that a prior history of acute knee
injury may elevate the risk factor for both radiographic1,2 and clini-
cally signiﬁcant symptomatic knee OA3,4. Other studies have associ-
ated injuries to the cruciate ligaments and menisci with a higher
incidence of subsequent kneeOA5,6. Such local biomechanical insults
may interact with systematic predisposing factors7e9. One retro-
spective cross-sectional study that evaluated patients with
complaints at different times after injury reported that those who
sustained major knee injuries at an older age have more rapid
development of knee OA than those sustaining injuries at a youngerto: Weiya Zhang, Academic
m City Hospital, Nottingham
15-823-1757.
. Zhang).
s Research Society International. Page9. Furthermore, obesity has also been associated with post-
meniscectomy knee OA8. Clearly, knee injury sufﬁcient to damage
joint structures may compromise structural integrity, alter joint
biomechanics, stress joint tissues and increase the risk of knee OA.
Despite the plausible biological rationale with knee OA, the
strength of association of knee injury has shown to vary considerably
between epidemiological studies. Reported relative risk (RR) esti-
mates for the effect of past knee injury and development of knee OA
range from 0.1 to 95.2, perhaps reﬂecting variable deﬁnitions of
trauma or injury and the difﬁculty in estimating the degree of joint
injury. We therefore conducted a meta-analysis of observational
studies (cohort/prospective, cross-sectional and case-control studies)
to quantify the association between history of injury and knee OA.
Methods
Literature search
We conducted a systematic literature search on six electronic
databases between August and October 2010. Ovid MEDLINEublished by Elsevier Ltd. All rights reserved.
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searched using a comprehensive search strategy (Appendix I),
and primary key search terms “knee osteoarthritis or knee pain”
and “knee injury/joint injury” and “cohort/prospective or case-
control or cross-sectional” were applied to PubMed, ISI Web of
Science and Cumulative Index to Nursing and Allied Health
Literature (Cinahl). In addition, we also performed hand search-
ing on reference lists of relevant articles. There were no language
restrictions.Study selection
All references obtained from each database were exported to
Endnote version X.0.2 referencing database and duplicate or
redundant articles were excluded. Next, article titles were screened
and selected abstracts examined for relevance. Thereafter, full text
versions of eligible articles were retrieved and reviewed. For
inclusion, studies had to fulﬁl the following criteria: (1) epidemi-
ological studies (cohort/prospective, cross-sectional or case-control
study) assessing the association between past knee injury and
development of knee OA; (2) any deﬁnition of previous history of
knee trauma/injury to include both unspeciﬁed and speciﬁed
injuries such as cruciate and/or collateral ligament injuries;
meniscus injuries or fracture of the tibia, ﬁbula or subchondral
bone; (3) knee OA is the only joint examined, and deﬁned using
radiographic change of OA, with or without symptoms, or self-
reported OA. We excluded studies if they were reviews or edito-
rials, case reports, randomised control studies or cohorts on drug
trials, twin or familial studies and musculoskeletal diseases other
than OA. Eligible studies without an adequate control or referent
group could not be used for risk estimation. So for these studies,
mainly comprising of OA patients (with no non-OA controls) or
cohorts with deﬁned injuries such as meniscal damage or acute
cruciate ligament injuries at study recruitment (with no non-
injured patients), were excluded (see a list of excluded studies in
Appendix II).Data extraction
Study design-speciﬁc data extraction forms were used to record
extracted information on study characteristics (source of pop-
ulation or setting, sample selection, total number of study partici-
pants, age-mean or range of participants, gender ratio, BMI mean/
range, and country of study); clear deﬁnition of knee injury
[deﬁned arthroscopically, by Magnetic resonance imaging (MRI) or
self-report] and whether it was a primary exposure variable; deﬁ-
nition of OA; reported or calculated RRs [odds ratio (OR), RR and
hazard ratio (HR)] and their corresponding 95% CI, confounding
factors, and statistical method performed.
Due to the variable deﬁnition of knee injury or trauma, we
further grouped studies according to the type of knee injury. For
example, some studies described past knee injury as injuries
signiﬁcant enough to impair weight bearing or lead to a physi-
cian’s consultation e.g., injuries due to severe twisting of either
knee with resultant sprain or swelling lasting more than 1 week,
therefore it is likely these studies assessed both less severe and
severe injuries. Therefore, we separately examined studies that
reported risk estimates or provided data on major speciﬁc knee
injuries such as meniscal, ligament cruciate injuries etc and those
that did not give a clear deﬁnition of sustained injuries. It was also
recorded if the investigators had performed adjusted statistical
analysis for the confounders that they deemed appropriate.
Unadjusted risk estimates were also recorded even if adjusted
analysis was performed.Quality assessment
All articles were fully reviewed by one investigator (SM) and
validated by a second investigator (DMcW) for key study charac-
teristics such as study design, setting and outcome measures. In
addition, a 10% random sample was extracted independently by
DMcW for other characteristics to determine the disagreement.
Double extractions were applied when percent disagreement was
more than 2% for all papers. Consensus was achieved by discussion
and the third investigator (WZ) was involved if necessary. We fol-
lowed the criteria recommended by meta-analysis of observational
studies in epidemiology (MOOSE)10. Hence, we performed quality
assessment by subgroup analysis rather than through quality scores
for each observational study.
For case-control studies, we deﬁned setting according to the
source population of the control group. If control subjects were
identiﬁed from the community (such as general practices) the
study was classiﬁed as a community-based case-control study
whilst those that selected controls from a hospital were classiﬁed
as hospital-based case-control study.
For studies with more than one article from the same study
population, we selected the one providing best evidence based on
study design, adjusted statistical analysis, whether knee injury was
the primary exposure or sample size and/or date of publicatione so
that only one article was included. For example, we included results
from a cohort study rather than case-control or cross-sectional
analysis. If the study design was the same, the article reporting
risk estimates for speciﬁc knee injuries was selected.
Statistical analysis
As studies evaluating the association between knee injury and
knee OA progression or knee pain were too few for further analyses,
themeta-analyses only evaluated studies based on the development
of asymptomatic and symptomatic knee OA. We carried out a meta-
analysis by pooling RR estimates of individual studies to obtain
pooled estimates presented as OR and 95% CI. History of knee injury
was deﬁned as a dichotomous variable. Potential publication bias
was examined by funnel plots and Egger’s test11. Forest plots were
used to examine the distribution of the effect sizes. We assessed
heterogeneity using the Cochran Q test12 and the I2 statistic13.
Subgroup analyses were undertaken according to different study
level characteristics such as, study design, setting, deﬁnition of knee
OA, gender, geographical location, type/severity of injury etc.
Random effects model was used to pool results if studies were
heterogeneous or if the reason of heterogeneity could not be
reasonably identiﬁed, otherwise a ﬁxed effect model was used14.
Analyses were undertaken using StatsDirect version 2.7.8. Due to
the small number of resulting studies, meta-regression analysis
was not conducted.
Results
Figure 1 illustrates the study selection process. Our systematic
search yielded 4024 citations. After screening titles and reviewing
abstracts 3862 articles were deemed irrelevant. We obtained and
reviewed full text of the remaining 162 articles, of which 72 met the
inclusion criteria. Of the 72 eligible studies, a further 44 studieswere
excluded as they were found to contain duplicate data or study
group, combined hip and knee OA in analysis or had no referent or
control populations (see a list of excluded studies in Appendix II).
Ultimately, 24 studies on knee OA, three studies on knee pain15e17
and one on knee OA progression18 were used for the meta-analysis.
Table I summarises characteristics of studies selected for the
meta-analysis. Of the 24 studies, there were seven cohort2e4,19e22
Fig. 1. Results of the systematic literature search.
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trol28e39 (n ¼ 8033) studies. Overall, most studies sampled more
women than men. Case-control and cross-sectional studies mainly
sampled participants aged 40 or older as opposed to some cohort
studies which included younger adults at baseline assessment.
A total of 14 studies evaluated symptomatic knee OA and the
majority of the studies (58%) did not provide detailed information
on the deﬁnition of knee injuries. Notably, previous knee injury was
mainly determined by self-reporting with the exception of threeTable I
Characteristics of observational studies evaluating knee injury and knee OA
Prospective
(%)
Cross-
sectional (%)
Case-
control (%)
All studies
(%)
No. of studies 7 5 12 24
No. of subjects 5662 7302 8033 20,997
Age (range) 24e92 40e74 40e96 24e96
No. of female (%) 3192 (56) 4341 (59) 4499 (67)* 12,032 (59)*
No. of hospital-
based studies
0 (0) 0 (0) 3 (25) 3 (13)
OA deﬁnition
Asymptomatic 5 (71) 4 (80) 1 (8) 10 (42)
Symptomatic 2 (29) 1 (20) 11 (92) 14 (58)
Knee injury deﬁnition
Speciﬁed injuriesy 3 (43) 3 (60) 4 (33) 10 (42)
Unspeciﬁed knee
injuries
4 (57) 2 (40) 8 (67) 14 (58)
Injury as a primary
exposure (%)
7 (100) 4 (80) 7 (58) 18 (75)
Study region
USA 4 (57) 3 (60) 1 (8) 8 (35)
Europe 3 (43) 1 (20) 7 (58) 10 (48)
Others 0 (0) 1 (20) 4 (33) 5 (24)
* Estimate excludes Sahlstrom et al.34 whose proportion of the female population
was not stated.
y Ligament/tendon injury; meniscus damage/menisectomies; however, two
studies30,34 deﬁned knee injuries as fracture of femur, knee or lower part of leg,
ligament or tendon injuries, meniscus injury.studies22,27,39 which assessed meniscal injuries using MRI or veri-
ﬁed knee surgeries from hospital records. Table II gives a summary
of each study included in the meta-analysis.
Figure 2 illustrates a symmetric funnel plot of ORs for the
included studies. The Egger test performed for all studies was not
statistically signiﬁcant (bias ¼ 0.22, P ¼ 0.816), suggesting that
there was no signiﬁcant publication bias.
Figure 3 shows a forest plot presenting individual and pooled
ORs according to study design. The overall pooled OR derived from
random effects model was 4.20 (95% CI 3.11e5.66). There was
signiﬁcant heterogeneity across all 24 studies (I2 ¼ 81.0%,
P < 0.001). We found pooled OR to vary by study design so that OR
for case-control studies was 5.34 (95% CI 3.16e9.02) while that for
cohort and cross-sectional studies were 3.74 (95% CI 2.16e6.47) and
3.34 (95% CI 1.95e5.75), respectively.
Subgroup analyses were also performed according to other
study level characteristics (Table III). Among studies in which
estimates for both sexes were reported, we observed greater
summary OR in men [OR ¼ 5.75 (95% CI 2.66e12.44)] than in
women [OR ¼ 2.63 (95% CI 1.68e4.13)], however, 95% CIs over-
lapped indicating that there is no statistical signiﬁcant difference
between the sexes. Conversely, we found statistically signiﬁcant
higher risks for speciﬁed knee injuries (OR ¼ 5.95, 95% 4.57e7.75)
compared to unspeciﬁed knee injuries (OR ¼ 3.21, 95% 2.17e4.50).
This was a statistically signiﬁcant difference as 95% CIs did not
overlap. In addition, stratiﬁcation by the deﬁnition of knee injury
showed a moderate level of heterogeneity for speciﬁed injuries but
not for unspeciﬁed injuries.
We also performed further sub-analysis to examine whether
heterogeneity could be explained by univariable and multivariable
modelling; examination of knee injury as a primary or secondary
exposure variable; deﬁnition of knee OA (asymptomatic vs symp-
tomatic knee OA); and geographic region (USA, European or other
countries). For each of these analyses there were some variances in
pooled point estimates but these did not explain signiﬁcant
heterogeneity among studies.
Table II
Summary of studies included in history of past knee injury and knee OA meta-analysis
Author Country Study
design
Setting No of
subjects
Mean age
(baseline)
%Female Mean BMI
(baseline)
Primary
exposure
Deﬁnition
Knee injury
OA
deﬁnition
OR/RR/HR
(95% CI)
Adj?
Felson et al.20 USA C Comm 598 70.5 63.7 25.9 Yes Unspeciﬁed Asymp 0.7 (0.1e3.2) Yes
Hart et al.21 UK C Comm 715 54.1 100 25.5 Yes Unspeciﬁed Asymp 1.4 (0.8e2.5) Yes
Cooper et al.19 UK C Comm 354 70.2 72 Yes Unspeciﬁed Asymp 2.5 (0.8e8.1) Yes
Gelber et al.3 USA C Comm 1321 22 9.2 Yes Unspeciﬁed Symp 5.0 (3.1e8.7) Yes
Wilder et al.2 USA C Comm 1436 >40 70.8 25.9 Yes Unspeciﬁed Asymp 7.4 (5.9e9.4) Yes
Englund et al.22z USA CC Comm 415 50e79 60.2 30.0 Yes Speciﬁed Asymp 5.7 (3.4e9.4) Yes
Toivanen et al.4 Finland C Comm 823 41.6 54.6 Yes Unspeciﬁed Symp 5.1 (1.4e19) Yes
Kohatsu et al.31 USA CC Comm 92 71.1 60.9 25.4 Yes Unspeciﬁed Symp 4.6 (1.5e16.5) Yes*
Roos et al. 1994 Sweden CC Hosp 583 55.5 0 Yes Speciﬁed Asymp 41.1 (14.2e119.0) No
Sahlstrom et al.34 Sweden CC Comm 729 47e96 ? No Unspeciﬁed Symp 4.7 (1.3e17) ?
Coggon et al.40 UK CC Comm 1050 72 61 No Unspeciﬁed/
Speciﬁed
Symp 4.3 (2.9e6.3) Yes*
Lau et al.32 China CC Hosp 1316 74.8 Yes Unspeciﬁed Symp 8.5 (4.6e15.5) No
Manninen et al.33 Finland CC Comm 805 67.8 75.8 24.9 No Unspeciﬁed Symp 1.6 (1.1e2.3) Yes
Sutton et al.36 UK CC Comm 1080 57.1 69.4 27.5 No Unspeciﬁed Symp 6.7 (1.3e34.5) Yes
Dawson et al.29 UK CC Comm 111 100 Yes Unspeciﬁed Symp 3.0 (1.2e7.5) Yes*
Holmberg et al.30 Sweden CC Comm 1473 62.2 57.2 No Speciﬁed Symp 3.5 (2.5e4.7) No
Yoshimura et al.38 Japan CC Comm 202 100 23.2 Yes Unspeciﬁed Symp 6.8 (2.4e19.9) Yes
Soeroso et al.35 Indonesia CC Hosp 518 49.8 58.7 24.2 Yes Unspeciﬁed Symp 12.1 (1.5e95) No
Yoshimura et al.37 Japan CC Comm 74 0 23.3 Yes Unspeciﬁed Symp 6.3 (1.1e34.5) Yes
Davis et al.24 USA CS Comm 3885 51.9 Yes Speciﬁed Asymp 5.2 (3.5e7.7) No
Kujala et al.25 Finland CS Comm 117 0 No Unspeciﬁed Asymp 4.7 (1.3e17.0) Yes
Sowers et al.26 USA CS Comm 1053 44 Median 100 28.4 Median Yes Unspeciﬁed Asymp 1.9 (1.2e3.1) Yes
Aoda et al.23 Japan CS Comm 1256 70.4 56.4 21.8M, 23.0F Yes Unspeciﬁed Asymp 1.8 (1.0e3.0) Yes
Englund et al.27 USA CS Comm 991 62.3 57 28.5 Yes Speciﬁed Symp 5.5 (3.9e8.0) No
z e Nested case-control, C ¼ cohort, CS ¼ cross-sectional, CC ¼ case-control, Comm ¼ community-based, Hosp ¼ hospital-based controls, Symp ¼ symptomatic knee OA,
Asymp ¼ asymptomatic or radiographically deﬁned knee OA, adj? ¼ adjusted OR, yes* ¼ matched for age and/or gender etc, M ¼ male, F ¼ Female,? ¼ no information.
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History of knee injury is a signiﬁcant contributor to knee OA.
However, there is a wide variation of published risk estimates for
knee OA which in part is attributable to small sample size and
difﬁculties deﬁning and quantifying the degree of injury. This meta-
analysis included 24 observational studies with approximately
21,000 people and found history of knee injury to have a four-fold
increased risk of knee OA.Fig. 2. A funnel plot showing the association between hisThere was considerable variation in the deﬁnition of past knee
injury between studies. We conducted further sensitivity analyses
which revealed signiﬁcantly higher pooled estimates for the 10
studies2,3,22,24,25,27,30,34,39,40 that predominately reported speciﬁc
injuries such as ligament or tendon injury; meniscus damage or
menisectomies when compared to studies that did not deﬁne knee
injuries (Table II). It would also seem that the way in which
component studies assessed knee injury was a source of hetero-
geneity in results. Overall, few eligible studies ascertained thetory of knee injury and the development of knee OA.
Hart, et al 1999 1.38 (0.78, 2.47)
Felson, et al 1997 1.60 (0.40, 5.70)
Cohort studies
Toivanen, et al 2010 5.10 (1.40, 19.00)
Englund, et al 2009 5.70 (3.40, 9.40)
Wilder, et al 2002 7.40 (5.90, 9.40)
Gelber, et al 2000 5.01 (3.07, 8.71)
Cooper, et al 2000 2.50 (0.80, 8.10)
Sub - total 3.74 (2.16, 6.47)
Coggon, et al 2001 4.30 (2.90, 6.30)
Lau, et al 2000 8.46 (4.61, 15.54)
Sahlstrom, et al 1997 4.73 (1.32, 17.00)
Roos et al 1994 41.06 (14.17, 118.99)
Kohatsu, et al 1990 4.60 (1.50, 16.50)
Case-control studies
Soeroso, et al 2005 12.10 (1.54, 95.20)
Yoshimura, et al 2004 6.84 (2.35, 19.94)
Holmberg, et al 2004 3.18 (1.54, 6.57)
Dawson, et al 2003 3.00 (1.19, 7.54)
Sutton, et al 2001 6.66 (1.29, 34.46)
Manninen, et al 2001 1.59 (1.12, 2.26)
Sowers, et al 2000 1.90 (1.17, 3.07)
Kujala, et al 1995 4.73 (1.32, 17.00)
Davis, et al 1989 5.21 (3.50, 7.74)
Yoshimura, et al 2006 6.25 (1.13, 34.50)
Sub-total 5.34 (3.16, 9.02)
Cross sectional  studies
All studies 4.20 (3.11, 5.66)
Englund, et al 2008 5.53 (3.85, 7.95)
Aoda, et al 2006 1.76 (1.03, 3.00)
Sub-total 3.34 (1.95, 5.75)
0.2 0.5 1 2 5 10 100 1000
Odds ratio (95% confidence interval)
Fig. 3. A forest plot showing the association between history of knee injury and the development of knee OA.
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severity of knee injury sustained within individual studies. Never-
theless pooling of data from four studies22,27,30,40 that reported the
risk for knee OA from MRI deﬁned meniscal damage or self-
reported meniscectomy (data not shown) gave similar high risk
estimates (OR ¼ 6.91; 95% CI 4.56e10.49, I2 ¼ 69%, P for
bias< 0.249), further suggesting that the type and severity of injury
strongly inﬂuence quantiﬁable risk estimates.
Gender is a potential confounding factor in studies that examine
knee injury as a risk factor of knee OA. This was evident from the
high risk estimates obtained by pooling studies irrespective of
gender but when subgroup analysis was conducted according to
gender, the OR was substantially different between men and
women. The magnitude of associations between knee injury and
knee OA appeared to be higher for men than women. One likely
explanation for this ﬁnding is the cause of injury. It is possible that
men were more likely to report knee injuries sustained duringphysical and occupational activities that are prone to direct joint
injury e.g., work inducing weight-bearing knee bending or leisure
activities such as soccer34,41e43. However, due to the small number
of studies included in the meta-analysis, differential ORs for men
and women should be interpreted with caution.
Overall, the direction of statistically signiﬁcant positive associ-
ation between history of knee injury and knee OA was consistent
across study designs. There was no indication of publication bias
even when analysis was stratiﬁed by study design, suggesting that
these ﬁndings were not likely to be inﬂuenced by publication of
studies with positive results. However, compared to cohort and
cross-sectional studies, higher pooled estimates were observed for
case-control studies. This is because the OR from the case-control
study design often overestimates the RR for common diseases (such
as knee OA) in the population44.
This study has several limitations. Firstly, due to differences
across studies (e.g., study design, gender, knee OA deﬁnition, injury
Table III
Subgroup analysis for the association between knee injury and knee OA
Injury No. of studies No of subjects I2 (Cochran Q P value) Random effects pooled
ORs (95% CI)z
Publication bias
(Egger bias P value)
Study design
Prospective 7 5662 82.1% (<0.001) 3.74 (2.16e6.47) 0.110
Cross-sectional 5 7302 82.2% (<0.001) 3.34 (1.95e5.75) 0.593
Case-control 12 8033 79.5% (<0.001) 5.34 (3.16e9.02) 0.065
Overall 24 20,997 81.0% (<0.001) 4.20 (3.11e5.66) 0.816
Gender
Male 7 2480 77.3% (<0.001) 5.75 (2.66e12.44) 0.129
Female 8 5225 74.4% (<0.001) 2.63 (1.68e4.13) 0.034
Both* 13 13,292 11.4% (0.330) 5.53 (4.70e6.51) 0.088
Knee injury deﬁnition
Speciﬁed injuriesy 10 12,000 54.9% (0.018) 5.95 (4.57e7.75) 0.791
Unspeciﬁed injuries 15z 10,047 70.1% (<0.001) 3.12 (2.17e4.50) 0.149
Adjustment for confounders
Unadjustedk 22 19,553 85.6% (<0.001) 4.52 (3.29e6.23) 0.564
Adjustedx 16 12,294 84.6% (<0.001) 3.62 (2.40e5.46) 0.559
Exposure
Primary 18 15,743 80.0% (<0.001) 4.49 (3.20e6.28) 0.485
Secondary 6 5254 70.8% (0.004) 3.32 (1.93e5.70) 0.332
OA deﬁnition
Asymptomatic 10 10,412 88.6% (<0.001) 3.84 (2.26e6.50) 0.346
Symptomatic 14 10,585 67.4% (<0.001) 4.46 (3.15e6.31) 0.231
Geographical location
USA 8 9791 75.4% (<0.001) 4.58 (3.25e6.47) 0.108
Europe 11 7840 79.3% (<0.001) 3.81 (2.28e6.35) 0.142
Others 5 3366 76.8% (0.002) 5.28 (2.17e12.89) 0.444
* Individual papers where separate knee injury data according to gender was not provided.
y Ligament/tendon injury; meniscus damage/menisectomies. Two studies30,34 deﬁned knee injuries as fracture of femur, knee or lower part of leg, ligament or tendon
injuries, meniscus injury.
z One study40 provided data for speciﬁed and unspeciﬁed injuries.
x Adjusted or matched for age, gender or BMI according to individual papers where available.
k All risk estimates for unadjusted analyses were pooled, even if those obtained from adjusted analyses were used for the main meta-analysis.
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as such should be interpreted with caution. We therefore per-
formed a number of stratiﬁed analyses to examine potential sour-
ces of variation and our ﬁndings suggest that heterogeneity
measures were likely to be due to the deﬁnition of knee injury,
especially in the female gender and type of knee injury.
Secondly, there was a wide variation in the deﬁnition and
severity of past knee injuries across studies. For example, most
studies reported unspeciﬁed injuries which were likely to include
both less severe (e.g., minor “twisting” and “sprain”) and severe
knee insults requiring treatment such as torn ligaments or tendons
and meniscus injuries. It is very likely that these differences
account for the wide variability. Furthermore, the lack of proper
characterisation of the exposure may underestimate the effect of
knee injury in OA. This is supported by our subgroup analysis where
the well deﬁned knee injuries had greater risk than poorly deﬁned
injuries. Additionally, speciﬁed knee injuries may be more serious
than non-speciﬁed ones and may therefore be easier to recall.
Thirdly, joint injuries sustained during early adult life may be
important predictors for knee OA in later adulthood, but recall of
injury in the past may be biased or inaccurate particularly in case-
control and cross-sectional studies. Although prospective cohort
studies are less susceptible to these biases, inherent study limi-
tations may contribute to inconsistent results. For example, cohort
studies19e21 that assessed history of past knee injury in an older
population (mean age >50 years old) and had a short follow-up
period (<8 years) reported that the risk for incident knee OA
was not statistically signiﬁcant. This is contrary to signiﬁcant
ﬁndings from cohort studies2e4 that included younger adults
(>22 years old) and had relatively long follow-up period
(>14 years). This infers that follow-up time appears to have animportant inﬂuence on the study ﬁndings, and indeed other
potential confounders exist which may have inﬂuenced our study,
for example, heterogeneity of OA assessment methods and any
treatment provided. It is also worth noting that studies deﬁned as
“asymptomatic” did not exclude those with painful knee OA, only
that pain was not an inclusion criteria. However, the 95% CI’s of
symptomatic and asymptomatic knee OA studies overlapped,
and so we cannot draw conclusions about different disease
assessments.
Fourthly, the predisposition towards meniscal injuries may be
related to predisposition towards knee OA. It is possible that risk
factors for meniscal injury and knee OA are shared, artiﬁcially
strengthening the relationship. Although it is of interest to deter-
mine the risks associated with each type of local injury, study
numbers were too small for meaningful analysis. Moreover, our
systematic search strategy and the methodology for meta-analyses
may have limited our study. Although our study was not limited to
English-language articles only, all search terms were in English
language and it is likely that relevant non-English citations have
been omitted.
Finally, many studies of knee injury and risk of OA have been
performed in injured patient cohorts without adequate control
groups. As it was not possible to derive risk estimates from these
studies, they were excluded. However, systematic reviews45e47
reporting on kneeOA following injurywould complement our study.
In conclusion, our ﬁndings conﬁrm that prior history of knee
injury is a strong risk factor for the development of knee OA. Many
knee injuries may be prevented by prophylactic measures48,49
which implies that more initiatives aimed at reducing injuries in
the home or work environment could be beneﬁcial in reducing the
risk of future knee OA.
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